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Purpose: Traditional options for treating ischemic steal syndrome related to a functioning 
dialysis access graft or fistula include banding or ligation. Unfortunately, these tech- 
niques usually result in inconsistent limb salvage, loss of a functional access, or both. We 
report our experience with an alternative method of limb revascularization that elimi- 
nates steal while maintaining continuous dialysis access. 
Methods" Patients who had critical limb ischemia nd functioning arteriovenous fistulae 
(AVF) underwent color-flow duplex scanning, digital photoplethysmography, andarte- 
riography. Arterial ligation distal to the AVF origin eliminated the steal physiologic 
mechanism while arterial bypass grafting from above to below the AVF revascularized the 
extremity (distal revascularization-interval lig tion [DRILl procedure). 
Results: From March 1994 through December 1996, 21 patients with funcfioning 
extremity AVFs presented with critical ischemia nd steal syndrome. Eleven patients had 
chronic ischemia with rest pain, paresthesias, or ulcerations related to nine native fistulae 
(six brachiocephalic, two basilic vein transpositions, one radiocephalic) and two pros- 
thetic bridge grafts (one upper arm, one lower extremity). Acute ischemia developed in 
10 patients related to three native fistulae (two brachiocephalic, one radiocephalic) and 
seven prosthetic bridge grafts (three forearm, three lower extremity, one upper arm). All 
21 patients were treated with the DRIL technique. Three of these patients required 
treatment for ischemia t the time of AVF construction. Nineteen of 21 bypass proce- 
dures were performed with autogenous vein, including nine brachial-brachial, three 
brachial-radial, two radial-radial, two brachial-ulnar, orte popliteal-popliteal, one femo- 
ral-popliteal, and one femoral-peroneal. Polytetrafluoroethylene grafts were used for one 
external iliac-popliteal bypass graft and one axillary-brachial bypass graft. Limb salvage 
and maintenance of a functional fistula were achieved in 100% and 94%, respectively, at 
18 months by life-table analysis. 
Conclusion: The DRIL technique reliably restores antegrade flow to the ischemic limb, 
eliminates the potential pathway for the steal physiologic mechanism, and maintains 
continuous dialysis access in these diflicult patients. (J Vasc Surg 1997;26:393-404.) 
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Approximately 150,000 patients are maintained 
on renal replacement therapy with hemodialysis in 
the United States at the prcsent time. As a conse- 
quence, maintenance of  vascular access grafts and 
fistulae and their attendant morbidity account for the 
majority of inpatient and outpatient expenditures in
the dialysis population. 1 3 By rar, the most frequent 
complication is acccss site thrombosis. 4 However, 
the large majority of these episodes can be success- 
fully treated and salvage of the site achieved for 
continued, offen uninterrupted dialysis, s A less com- 
mon, but more challenging, complication of arterio- 
venous (AV) grafts and fistulae is symptomatic ex- 
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Fig. 1. DRIL procedure. 
tremity ischemia caused by the stealing of arterial 
flow through the access site, dubbed "stcal syn- 
drome. ,76,7 
Symptomatic ischemic steal syndrome related to a 
functioning dialysis AV graft or fistula poses two 
challenges to access urgeons: preservation of unin- 
terrupted vascular access and resolution of the distal 
ischemia. Popular methods for managing steal syn- 
drome include access banding and access ligation. 8-1° 
Neither technique reliably accomplishes both preser- 
vation of vascular access and reversal of ischemia. A
less-familiar technique originally reported by Schan- 
zer et al. ~ ~ j2 elegantly addresses both aspects of this 
difficult clinical problem.-They described a procedure 
that restores antegrade flow into the extremity distal 
to the access ite using a bypass graft and eliminates 
the pathway of steal through ligation of the interval 
artery between the access and the distal anastomosis. 
We have christened this technique distal revascular- 
ization-interval ligation (DRIL). The current report 
reviews our experience with this technique for limb 
salvage in steal syndrome related to functioning AV 
access grafts and fistulae. 
PATIENTS AND METHODS 
A retrospective r view was conducted of all pa- 
tients who underwent revascularization procedures 
for ischemic steal syndrome related to a funcnoning 
AV access from March 1994 through December 
1996 at the University of Arizona Health Sciences 
Center, Tucson, Ariz., and by the Virginia Vascular 
Associates, P.C., Norfolk, Va. Physicians' office 
charts and hospital records were reviewed and demo- 
graphic data collected for each patient. Specific nota- 
tion was made of the cause of the patient's renal 
failure, the type of AV access, the fiming of symp- 
toms in relation to access creation, and the presence 
of risk factors such as tobacco usage, diabetes, and 
peripheral vascular disease. Preoperative studies were 
analyzed as were the operative reports. Operauve 
details were recorded along with the results of any 
intraoperative t sting. Similarly, available follow-up 
studies were reviewed, and clinical outcome after 
revascularization was tabulated. Access and DRIL 
bypass patency rates were recorded using life-table 
methods. Statistical analyses were performed using 
Statview software (Abacus Concepts Inc., Berkeley, 
Calif.) on a Power Macintosh computer (Apple Inc., 
Cupertino, Calif.). 
The DRIL procedure as described by Schanzer 
consists of a bypass graft that originates from the 
native arterial inflow proximal to the access ite and 
inserts into an outflow artery distal to the access ite. 
When native arterial continuity exists, a ligature is 
placed on the artery distal to the access but proximal 
to the distal anastomosis of the bypass graft (Fig. 1). 
When severe occlusive disease is present distal to the 
access site, a ligature is not required because the 
presence of the obstruction virtually precludes signif- 
icant flow reversal through the distal artery. 
RESULTS 
During the 31-month period of this review, 21 
patients underwent the DRIL procedure for severe 
limb ischemia related to a functioning AV access ite. 
The demographic data related to this patient group 
appears in Table I. This group represents only 2% of 
the 884 new AV access placement cases performed 
during the same time period. The DRIL group was 
equally divided between men and women, with a 
mean patient age of 61 + 12 years (range, 29 to 80 
years). The 21-patient group comprised nine Cauca- 
sians (43%), seven African-Americans (33%), three 
Hispanics (14%), and two Native Americans (10%). 
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Renal failure was cansed by diabetes in 12 patients 
(57%), hypertension i four patients (19%), diabetes 
and hypertension i two patients (10%), and amy- 
loidosis, polycystic kidney disease, and immunosup- 
pressive transplant drugs in one patient each (14%). 
Ischemia developed within 30 days of access 
placement (acute) in 10 patients (48%). Three of these 
patients had profound ischemia t the time of access 
construction manifested as the absence of Doppler 
flow in the wrist or hand at the conclusion of the 
access procedure. Access compression provided a re- 
turn of detectable flow at the distal extremity. All 
three patients underwent a DRIL procedure concur- 
rently with AV graft placement. The seven remaining 
patients who had acute symptoms complained of 
severe pain and paresthesias in the affected extremity 
within 30 days of access construction, but had at a 
minimum Doppler flow in the distal extremity when 
the access was originally place& Eleven patients 
(52%) had chronic ischemia, which manifested by 
ischemic ulcers in six patients and ischemic pain in 
five patients. Two of these patients had symptoms 
that were largely confined to their dialysis treat- 
ments, although both had clinical signs ofischemia t 
rest, including poildlothermia nd abnormal pulse 
examinations. 
Preoperative test results were not available for 
review in all cases. However, digital photoplethys- 
mography (PPG) consistently demonstrated flat dig- 
ital waveforms in the affected extremity with the 
fistula patent compared with the return of pulsatile 
digital wave-forms with manual fistula compression 
in 10 of the I2 patients who underwent noninvasive 
testing before the DRIL procedure. In the remaining 
two patients, whose symptoms were most pro- 
nounced uring dialysis, digital waveforms were di- 
minished at rest but flattened when the patients un- 
derwent PPG testing during a dialysis session (Fig. 
2). Preoperative arteriograms were obtained in all 18 
patients who did not have concurrent access and 
DRIL procedures. The arteriograms demonstrated 
normal anatomy free of any major vessel occlusive 
disease in only two patients, both ofwhom had äcute 
ischemia. Moreover, the arteriogram delineated an 
occlusion of a major artery proximal to the access in 
three patients (two brachial, one axillary) in whom 
acute ischemia developed espite normal physical 
examinations before access construction. The re- 
maining two patients with acute ischemia had occlu- 
sions of a superficial femoral artery (distal to the 
origin of the access) and an ulnar artery, respectively. 
All 11 of the patients with chronic ischemia had 
occlusive arterial esions distal to the origin of the 
Table I. Demographic data of 21 
DRIL patients 
Variable n (%) 
Age (yr; mean _+ SD) 61 ± 12 
Male 10 (48) 
Female 11 (52) 
Ischemia onset 
Acute (<30 days) 10 (48) 
Chronic (dialysis-independent) 9 (43) 
Chronic (dialysis-dependent) 2 (9) 
Cause of ESRD 
Diabetes 14 (67) 
Hypertension ó (29) 
Other 1 (5) 
Risk factors 
Diabetes 14 (67) 
Tobacco usage 8 (38) 
VVD 13 (62) 
Type of access 
Radiocephalic 2 (9.5) 
Brachiocephalic 8 (38) 
Forearm bridge 3 (14) 
Upper-arm bridge 2 (9.5) 
Basilic rein transposition 2 (9.5) 
Thigh bridge 4 (19) 
access identified by the prcoperative arteriograms (10 
antebrachial rterial occlusions and onc superficial 
femoral occlusion; Fig. 3). 
The access types responsible for ischemic symp- 
toms in the 21 patients included eight native antecu- 
bital brachiocephalic fistulae (38%), four lower ex- 
tremity prosthetic bridge grafts (19%; common 
femoral artery-to-saphenous vcin), three forearm 
prosthetic bridge grafts (14%; brachial artery-to-an- 
tecubital basilic or cephalic vein), two radiocephalic 
wrist fistulae (9.5%), two upper-arm prosthetic 
bridge grafts (9.5%), and two basilic vein transposi- 
tion fistulae (9.5%). There was no rclationship dem- 
onstrated between the type of access and the acuity 
of symptom onset by X 2 analysis (Table II). Further- 
more, no significant relationship was demonstrated 
between the timing of the symptoms and the pres- 
ence of either diabetes, tobacco abuse, or peripheral 
vascular disease by Fisher's exact test (data not 
shown). 
The 21 DRIL patients nnderwent the following 
bypass procedures: nine brachial-brachial (43%), 
three brachial-radial (14%), two brachial-ulnar 
(9.5%), two radial-radial (9.5%), one axillary-brachial 
(5%), one popliteal-popliteal (5%), one external i iac- 
popliteal (5%), one femoral-peroneal (5%), and one 
femoral-popliteal (5%). The bypass grafts were con- 
structed of reversed greater saphenous vein in 14 
cases (67%), reversed cephalic vein in three cases 
(14%), expanded polytetrafluoroethylene i  two 
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Fig. 2. Digital plethysmography at rest (A) and during dialysis treatment (B) demonstrates 
severe digital ischemia during dialysis. Note drop in systemic blood pressure during dialysis 
treatment. 
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Fig. 3. Arteriogram of patient with ischemic ulcerations demonstrates severe occlusive disease 
in antebrachial arteries. 
Table II. Acuiß~ ofischemia versus fistula ~pe (n = 21) 
Radiocephalic Bracbiocephalic FA bridge UA bridge LE bridge BVT 
Acute 1 2 3 1 3 0 
Chronic 1 6 0 1 • 2 
c a = 7.97;p = 0.16. 
FA, Forcarm; UA, upper arm; LE, lower extremist; BVT, basilic vein transposition. 
cases (9.5%), reversed basilic vein in one case (5%) 
and nonreversed greater saphenous vcin in one case 
(s%). 
Follow-up data were complete for 20 of 21 
patients (95%). One patient (5%) was lost to fol- 
low-up at 2 months. None of the 21 patients died 
in the immediate postoperative period (-<31 days); 
however, six patients (29%) died during the fol- 
low-up period, which ranged from 1 to 31 months 
(mean, 8 months). All six pätients died of cardio- 
vascular complications of end-stage renal disease 
(ESRD) at a mcan of 7 months after the DRIL 
procedure. All 21 patients experienced immediate 
relief of ischemic symptoms after the DRIL proce- 
dure. Actuarial patency data of the DRIL bypass 
grafts and the patency of the hemodialysis access 
site are displayed in Fig. 4. By life-table technique, 
the 18-month pätency rate (and therefore, limb 
salvage rate) for the DR~L procedures was 100% 
and the access site patency rate was 94%. During 
the available follow-up, no DRIL patient under- 
went major amputation of an upper or lower ex- 
tremity; however, one patient underwent a träns- 
metatarsal amputation for an ischemic forefoot 
after a successful femoral-peroneal in situ bypass 
procedure for steal. 
DISCUSSION 
Complications related to hemodialysis access fis- 
tulae and grafts remain the most common cause of 
inpatient and outpatient cost accrual for an ESRD 
patient once dialysis is initiated? ,2Clearly, the most 
common complication associated with hemodialysis 
is access thrombosis. 4,S However, whether this com- 
plication is managed with surgical or percutaneous 
methods, access salvage is achieved in 60% to 80% 
of occurrences, with an average durability of 6 
months, s,~3 Limb ischemia caused by the stealing of 
blood flow from the extremity by a patent access 
fistula or graft occurs ar less commonly, on the order 
of 1% to 5%, yet poses a much more difficult manage- 
ment challenge to maintain both uninterrupted dial- 
ysis access and limb viability. 
The current report represents he largest series to 
date using the technique originally described by 
Schanzer et al.11,12 to consistently address both issues 
in hemodialysis patients with ischemic omplications. 
Our report suffers from many of the pitfalls of a 
retrospective r view, including a lack of randomiza- 
tion, inconsistent application of diagnostic testing, 
and absence ofspecific ontrols. Despite these short- 
comings, review of our data permits certain conclu- 
sions to be reached. Moreover, the results reported 
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Actuarial DRIL Patency (Limb Salvage) and Cumulative Access Patency 
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Fig. 4. Actuarial DRIL patency and cumulative access patency rates at 18 months for 21 
patients who underwent DR_IL procedures. 
herein contribute to our undcrstanding of the com- 
plex physiologie mechanisms of the dialysis access 
patient and will hopefully stimulate others to en- 
hance the care provided to this growing patient pop- 
ulation. 
Eoremost in treating ischemic complications of 
hemodialysis access is prevention. Unfortunately, 
ther¢ is no rcliable method to predict the dcvelop- 
ment of  symptomatic steal after the construction of 
an AV graft or fistula. Our own review failed to 
identify significant risk factors that predispose to sig- 
nificant steal symptoms. For the upper extrcmity, 
Allen's test provides an assessment of the collateral 
circulation around the palmar arch) 4 This test may 
be ditficuh in patients with severe anemia or with very 
dark complexions. The Allen's test may be enhanced 
by using Doppler interrogation over the palmar arch, 
pulse oximetry, digital photoplethysmography, and
laser Doppler testing. 14-i6 Regardless of  the tech- 
nique chosen, the Allen's test finds its utility when a 
radiocephalic fistula or radiocephalic bridge graft at 
the wrist is the planned procedure. A positive Allen's 
test would imply absence of  one or both of the main 
arterial contributors to the palmar arch, which in 
turn could predispose the patient o significant hand 
ischemia in the presence of a patent distal AV access. 
Even in the absence of clinical signs, variant arterial 
anatomy of  the upper extremity, which may impact 
access performance and complications, occurs in 9% 
to 20% ofpatients. The most common variants are an 
aberrant origin of the radial artery, an aberrant origin 
of the ulnar artery, or aberrations of the brachial 
artcry.17, ]8
Aside from the Allen's test, there are no specific 
examinations designed to id¢ntify paticnts at risk for 
ischemic complications of an AV access procedure. 
Abnormal results of  pulse examinations or asymme- 
try of extremity blood pressures (>20 mm Hg) 
should signal the access surgeon to either use the 
contralateral extremity or to undertake a more in- 
depth appraisal of the extremity blood flow before 
procecding with access construction. Simple seg- 
mental blood pressure studies, which include digital 
pressures, will localize and gange the degree of ob- 
struction. However,. no limits have yet been set to 
exclude an extremity with mild to moderate occlu- 
sive disease from use as an access ite. This specific 
consideration comes into play when all the extremi- 
ties display signs ofarterial occlusive disease. DeMasi 
et al) 9 attempted to address this question in their 
intraoperative study of AV fistulae. In that prelimi- 
nary report, the anthors identified an intraoperative 
measurement of digital pressure less than 50 mm Hg 
and a digital-brachial index ofless than 47% as indic- 
ativc of  clinically significant steal. Unfortunately, 
only two of the 22 patients (9%) reported in that 
study met these criteria, and only one of the two had 
clinically significant steal that required AV graft liga- 
tion. To date, we are unaware of any preoperative 
critcria that accurately predict the development of 
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Hg. 5. A, Intraoperative duplex scan shows flow reversal in artery distal to AV graft. Flow 
reversal is eliminated by access compression (arrom). B, Normalization of flow in distal artery 
after completion ofDRIL procedure. 
significant arterial steal in an otherwise normal ex- 
tremity. 
The physiologic phenomenon of steal is de- 
scribed as the reversal of blood flow in the artery 
beyond the fistula and is depicted in Fig. 5. This 
phenomenon results from the sudden drop in resis- 
tance to flow established by the shunting of blood 
into the low-pressure venous circulation in the case 
of a native AV fistula, or through a low-resistance 
prosthetic AV graft. In either case, arterial flow distal 
to the AV access provided by collateral arteries in- 
tended to supply the distal tissues is "stolen" from 
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these tissues by the reversal of distal flow through the 
AV connection. The phenomenon of steal is com- 
mon and is a physiologie consequence of the rheol- 
ogy of an autogenous AV fistula or prosthetic AV 
graft in 73% and 91% of cases, respectively. 6 There- 
fore, a significant challenge remains the identification 
of those patients for whom steal will become clini- 
cally significant. 
In the current report, clinically significant isch- 
emia developed in 10 patients acutely (<30 days 
after surgelT), although only three patients had such 
profound ischemia during surgelT that intervention 
was rcquired at the timc of the initial access construc- 
tion. All three patients had normal resttlts of preop- 
erative upper extremity arterial examinations though 
specific segmental testing, and digital pressure mea- 
surements were not performed. These three patients 
represent 0.3% of the 884 new AV access ites placed 
during the period of review, thereby illustrating the 
uncommon i cidence of immediate ischemia ssoci- 
ated with AV fistulae and grafts. Moreover, of the 
remäining seven patients in whom acute symptoms 
developed, only three patients had angiographic evi- 
dence of extremity occlusive disease despite normal 
results of preoperative physical examinations. Thus 
acute ischemia occurred in 10 of 884 new access 
constructions (1.1%), and only three patients (0.3%) 
who had otherwise normal examinations could have 
potentially been identified as at risk for ischemia by 
segmental nd digital pressure valuation before sur- 
gel T. This low yield does not justify routine testing of 
all access patients before fistula placement; however, 
selective testing of the four patients who had clinical 
signs of extremity occlusive disease may have di- 
rected AV construction elsewhere. 
Roughly half of the patients (52%) reported in 
this series had ischemic symptoms remote from the 
time of access placcment. The 11 patients in this 
subgroup manifested symptoms ranging from pain 
during dialysis essions to chronic rest pain and digi- 
tal ulceration. All patients who had chronic ischemia 
had some degree of extremity occlusive disease iden- 
tified either by abnormal segmental mad digital pres- 
sures, segmental occlusions documented arterio- 
graphically, or both. Because detailed noninvasive or 
arteriographic studies were not routinely performed 
at the time ofinitial access construction, we can only 
hypothesize that artefial disease progression may 
have occurred and resulted in limb ischemia. Two 
patients in this group had symptoms of pain and 
paresthesias temporally related to their dialysis ses- 
sions. Both patients had markedly abnormal digital 
pressure studies during dialysis, with only mildly to 
modcrately abnormal studies while oft dialysis. This 
subgroup of patients may actually be underrepre- 
sented in most series of steal syndrome, as the inci- 
dence of pain and paresthesias in ESRD patients 
while undergoing a dialysis treatment is 10% to 
30%. 2°,21 The majority of these symptom com- 
plexes are dismissed as exacerbations ofunderlying 
neuropathy causcd by either diabetes or disorders 
of electrolyte and intravascular volume homcosta- 
sis, which commonly occur during the treatment. 
Aggressively pursuing an ischemic omponent for 
these symptoms by performing digital pressure 
mcasurements during the dialysis treatment may 
reveal a higher incidence of ischemia than previ- 
ously recognized. 21-24 
The precise mechanism for dialysis treatment- 
related ischcmia remains ambiguous. In our limited 
experience, both patients were found to have signifi- 
cant occlusive discase in the involved extremity. Bc- 
cause the flow rate through an access fistula or graft 
does not appreciably change during a dialysis ession 
compared with the resting, nondialysis tate, steal 
related to the flow circuit does not seem plausible. 
Hypotension, however, is a common event during a 
dialysis treatment. This drop in blood pressure may 
more severely impact he perfusion pressure through 
the collateral vessels that supply an alrcady-compro- 
mised vascular bed and may subsequently result in 
symptoms only dufing periods of hypoperfusion re- 
lated to hypotension (Fig. 2). 
Regardless of the precipitating factors, significant 
extremity ischemia related to a functioning AV access 
demands intervention toavoid progressive limb loss. 
A number oftreatment strategies have been pur forth 
to address the two challenges associated with this 
problem: reliefofdistal ischemia nd maintenance of 
uninterrupted dialysis access. The simplest form of 
treatment involves ligation or dismantling of the fis- 
tula or access. 25 This approach invafiably eliminates 
the ischemia; however, the patient and surgeon are 
left with the vexing problem of reestablishing access 
in another extremity, which carries the consequent 
risk of recurrent ischemic symptoms. Another form 
of ligation that finds its utility in patients with pure 
steal unrelated to occlusive disease involves ligation 
of the artelT distal to the fistula to eliminate the 
pathway for steal from the distal extremity. 26This 
technique is classically described for radiocephalic 
fistulae at the wrist, whereby hand perfusion is pre- 
served through the ulnar artelT feeding the palmar 
arch and symptoms are related to the overwhelming 
flow reversal through the fismla in the radial artery 
distal to the AV anastomosis. Simple ligation of the 
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artery distal to the fistula eliminates the pathway for 
steal. 
An alternative technique for treating steal syn- 
drome that seeks to preserve the access ite centers 
on the principle of reducing flow through the AV 
fistula or access graft by increasing the resistance in 
the fistula or graft. This can be accomplished by 
either lengthening the segment ofprosthetic graft or, 
more commonly, narrowing a portion of the access 
by either banding or interposition of a tapered seg- 
ment of prosthesis. 8-1°,27-29 Rosenthal et al. 27 first 
reported the use of a tapered graft to äddress the 
problem of steal by increasing the resistance to flow 
through the prosthesis and subsequently increasing 
distal perfusion. Unfortunately, as experience with 
the clinical use of  tapered grafts has grown, consis- 
tent protection from ischemic omplications has not 
been demonstrated, a° This finding further elucidates 
the complexity of the physiologic mechanism that 
surrounds teal syndrome and highlights the point 
that addressing one component of  the equation does 
not reliably solve the problem ofaccess-induced isch- 
emia. 
Similar conclusions can be drawn from the expe- 
rience comprising banding techniques. The diItäculty 
with these procedures i the paucity of physiologic 
data to determine the degree of banding that will 
consistently relieve the distal ischemia while preserv- 
ing adequate flow through the access ite. As such, a 
common complication of banding procedures i ac- 
cess thrombosis. Jain et al. 9 offered an approach to 
this problem using intraoperative angiodynography 
to gauge the amount of banding required to elimi- 
nate flow reversal in the distal artery. In their limited 
experience of three patients, ischemia was relieved 
and access function preserved. In our own experi- 
ence, we have used banding in 29 patients during the 
period of this review. Successful treatment of isch- 
emia and maintenance of the access ite was achieved 
in only 15 patients. Our experience more closely 
correlates with that reported in the literature, with 
access thrombosis the prevalent outcome once flow is 
reduced enough to relieve the ischemia. 31 
In an attempt to address the hemodynamic 
changes induced by an AV access that lead to extrem- 
ity ischemia, Schanzer et al. 11,12 devised the proce- 
dure described in this report, which we have chris- 
tened DRIL. The components of the procedure 
include distal revascularization using a bypass graft 
from the artery above the fistula to an artery below 
the fistula, along with interval igation of the artery 
between the origin of the AV access and the distal 
anastomosis of the bypass graft. In their original 
report, three patients with ischemia related to patent 
AV access ites (one AV fistula, two AV grafts) were 
successfully treated using the DRIL technique31 
They reported their expanded expericnce with 14 
patients in 1992. Thirteen of the I4 patients 
achieved limb salvage and preservation of a func- 
tional access, with a 1-year patency rate of 84%. ~2 
Until the recent paper by Katz and Kohl, 32 the two 
reports of Schanzer's group were the only publica- 
tions available that described this procedure. The 
additional series ofsix patients described by Katz and 
Kohl provides further support for the consistent ac- 
complishment in treating ischemia and preserving 
the AV access ite that the DRIL procedure fulfills. 
The present study adds an additional 21 patients 
to the reported experience with the DRIL technique 
in an effort o further advance the original conclusion 
reached by Schanzer et al. In our own series, the 
DRIL technique consistently resolved the limb isch- 
emia without sacrificing a fimctioning access. We 
believe that the DRIL procedure is the method of 
choice for treating access-induced ischemia. Despite 
the overwhelming success reported in Schanzer's 
original and subsequent publications, now spanning 
8 years, the DRIL technique is given sparse if any 
mention in most vascular textbooks that address 
complications ofAV access and their treatment, a3as 
None of the alternative methods described for man- 
aging steal have achieved the consistent results real- 
ized with the DRIL procedure in salvaging both a 
viable extremity and a functional AV access ite. We 
commend the DRIL procedure to all access urgeons 
as the first choice for dealing with the complex prob- 
lern of steal syndrome induced by a functioning AV 
access .  
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D ISCUSSION 
Dr. Roger  T. Gregory (Norfolk, Va.). This is an 
important report by Dr. Berman and associates regarding 
the management ofsteal after angioaccess urgery, a largely 
ignored area of  vascular surgery. Traditional management 
options include: (1) ligation, which is mentioned in this 
report and usually solves the steal but leaves the patient 
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without a fistula; (2) banding, which usually has the same 
result in final outcome; and (3) reduction of arterial inflow 
graft size, which can be accomplished with a smaller inter- 
position graft or using a 4 × 7 mm tapered PTFE graft, 
which was developed in Norfolk, manufactured by W. L. 
Gore, and reported by Dr. Rosenthal in 1980. Results, 
although encouraging initially, have been somewhat disap- 
pointing, although the concept was sound; and finally, 
today's report of bypass grafting using the DRIL pr0ce- 
dure. The DRIL procedure is attractive because it saves 
both the fistula and the limb in jeopardy. Early objective 
diagnosis to define arterial steal and rule out neurogenic 
syndromes i important to avoid significant limb damage 
caused by ischemia. Noninvasive testing can make the 
diagnosis quickly and accurately. Studies from our group in 
Norfolk show that a digital-brachial ndex less than 0.42 is 
associated with clinical steal. Our goal has been to remove 
the surprise lement that this complication can present. 
I would pose three questions. First, is there a role for 
preoperative noninvasive testing, particularly in view of the 
fact that three of the 10 acute patients had a normal clinical 
examination before surgery. Second, was objective nonin- 
vasive testing in your series considered uring surgery or 
after surgery? And finally, have you seen steal develop as a 
late complication i  patients who were totally asymptom- 
atic in the early postoperative phase? 
Dr. Andrew T. Gentile. Thank you, Dr. Gregory. 
Because this was a retrospective r view, a lot of the infor- 
mation on the patients' presentation was not known. The 
patient had ischemia, either acutely or chronically, and we 
would agree with you that preoperative noninvasive t sting 
can accurately identify patients who are having symptom- 
atic steal. Preoperative noninvasive testing needs to be 
performed before construction of the AV fistula. This 
would be a monumental task and probably not fruitful, as 
only a small faction, 1% to 5% in the literature and about 
2% of ohr patients, has significant steal after construction of 
the AVF. No information is available to predict in whom 
steal will develop, although most studies show there is a 
high incidence of reversal of flow, and it is difficult to 
predict in which patients this will be at the critical evel. 
To answer your second question, routine intraoperative 
objective testing was not performed routinely at the 
construction of the AV fistula, although it was per- 
formed at the DRIL procedure. This testing uniformly 
shows augmented forward blood flow to the hand with 
fstula compression and bypass with reversal of flow with 
the fistula open. We believe that objective testing needs 
to be carried out during surgery to study the physiologic 
mechanism of steal and to identify the outcome of the 
revascularization procedure. We plan on doing that in 
the future, although consistent results as rar as this 
report have not been done in protocol fashion. We have 
seen steal develop late, in roughly one half of the pa- 
tients reviewed for this report. These patients more 
often had upper arm native fistulae, and steal may be 
developing later as these high-flow fistulas mature. 
Dr. T imothy Harward (Orange, Calif.). Renal hemo- 
dialysis access is something that I have been doing a lot of 
over the past 6 months since joining Preston Flanigan's 
group, and I häve found arterial steal syndrome to be a 
major problem. We perform about 500 hemodialysis access 
grafting procedures a year. I rise to ask one question but 
also to say that we are actually performing a prospective 
study to try to further define arterial steal syndrome be- 
cause this problem is a travesty, especially for the little old 
lady who has gone into renal failure. These patients are 
doing fine, one puts in a new hemodialysis conduit, and 
within 5 to 10 hours of the operation the patient cannot 
use their hand at all. Our group has performed a significant 
number of these distal bypass procedures for hand isch- 
emia. The question I would like to ask is that we are doing 
a prospective study and it appears to us ifwe define a finger 
pressure of less than 25 to 40 mm Hg, especially in a 
diabetic patient, one can predict hat the patient may have 
a potential problem. We are not 100% sure of these data, 
but hopefully in a few years I will have some answers. I have 
already performed four or five of t]hese bypass procedures 
in my short 6-month sojourn in Southern California. The 
first one I did failed, but this patient aught me a valuable 
lesson. If one does not go rar enough up the artery to 
originate one's bypass graft, the patient will also have steal 
through the bypass graft. We have found that one has to be 
at least 5 to 8 cm cephalad to the AV shunt arterial 
anastomosis to prevent steal through the bypass graft. 
Have you seen or heard that this technical aspect may be a 
problem? 
Dr. Gentile. Weil, I would agree with you that it is 
probably much more prevalent than appreciated in that 
little old lady with diffuse atherosclerosis, and probably if 
you were to do segmental pressure measurements you 
could identify which patients may have this complication. 
We generally perform bilateral arm pressure measure- 
ments. If the pressure is unequal by 20 mm Hg, we look 
for other sites of access. In general, if you have a fnger 
pressure less than 90 mm Hg or anything other than 
normal, we recommend more investigation i to the circu- 
latory status; with particular attention to the presence of 
the collateral circulation, which we believe is relied on to 
maintain distal perfusion after AV fistula. I agree that the 
only way to predict in whom this complication will develop 
is through the gathering ofprospective hemodynamie data, 
with close follow-up. As the incidence ofthis problem is so 
small, this will take time. Regardless, being alert to the 
presentation and applying DRIL techniques offers a useful 
treatment. 
Dr. Richard Brinner (Knoxville, Tenn.). I have sev- 
eral observations. First, it seemed like an awful lot ofyour 
fistulas compared with out experience had chronic, late- 
appearing steal phenomenon. The other thing I noticed is 
you have this tremendous patency rate at 18 months in the 
patients in whom you performed this procedure. I wonder 
whether this is not a different group of patients in that 
behavior. Perhaps they are having an increase, they have an 
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excellent venous outflow perhaps and are developing ve- 
nous outflow stenosis responsible for the steal as opposed 
to treating this and comparing this with a group ofpatients 
in whom the immediate steal developed. Also, the com- 
ment about the longer length of the bypass graft seems 
interesting and appropriate, because ifI visualize the DRIL 
procedure, it seems like what you are doing is just maldng a
longer dialysis fistula in one respect. Ifyou take the bypass 
graft above to below, then that is lengthening the segment 
going into the graft because like a longer proximal limb of 
the dialysis graft. Is that a thought? Does that have a role? 
If you are using a vein bypass graft, is there any consider- 
ation in some of these with longer graft that are successful, 
does the valve and the vein in reverse not play a role in 
limiting the steal in the retrograde fashion from the new 
drill bypass graft? 
Dr. Gentile. I think maintaining the valve may prevent 
retrograde flow within the bypass graft itself. We have not 
specifically looked at that, bur that is an interesting 
thought. We are not exactly sure of all the physiologic 
events that are occurring, and we believe it may be that 
different patients will have different types ofpresentations, 
some with occlusive disease (and failure of collaterals) and 
some with more flow reversal and steal than others. In out 
experience, lengthening the grafts and tapering the grafts 
has not been very good at maintaining fistula patency. 
Patients who have the autogenous pper arm fistulas have 
very good fistulas, and the veins ger huge so they have 
excellent outflow and that does not seem to be a problem. 
I think one of the things that may be occurring as those 
fistulae mature and the outflow gets berter and bettet, they 
probably steal as a result of the diß~rence in outflow resis- 
tance of the upper and lower arm. 
Dr. Robert Feldtman (Houston, Tex.). I saw a pa- 
tient last week, so I am just asldng this because I may need 
to go do something on this fellow next week. You did not 
comment on the lower extremities in terms of where you 
plug in and where you go downstream. Do you have to go 
into the external i iac above the inguinal ligament i  rela- 
tion to the prior comment" In a patient who has a nondis- 
eased superficial femoral segment, can you go in just distal 
to your ligation or should one go all the way to the 
popliteal? 
Dr. Gentile. I think that is a good question. There 
were four patients who had lower extremity grafts all 
within the thigh, and the distal revascularization was per- 
formed based on arteriographic f ndings. Each patient had 
a different type of bypass graft in the leg. In general, if they 
are high in the common femoral artet'y, you have to go 
above them. Usually, ifthe superficial femoral artery is out, 
you will not have as much reversal, as the vessel is already 
occluded, but they still need to have revascularization. 
Dr. Scott Berman (Tucson, Ariz.). I just wanted to 
make a couple of comments because I was one of the 
coordinators of this review. Dr. Gregory brings up the 
main point: how do you predict ahead oftime who is going 
to ger into this problem? It is vm T ditticult. The three 
patients we encountered who had immediate steal on the 
table and had to be revascularized had absolutely normal 
examinations before surgery and, in general, that means 
they had normal Allen tests. We perform extensive hand- 
held Doppler examination of the hand and the digits, and 
despite this examination steal still developed. I think that is 
a different patient population than the chronic patient who 
has progressive atherosclerosis from their diabetes and re- 
nal insufficiency. Of the other patients in the acute cate- 
gory, only three had occult arteriosclerotic o clusive dis- 
ease by angiography but had normal arteriograms. The 
question becomes, can you really afford to perform screen- 
ing examinations with Duplex scanning on all dialysis pa- 
tients and in any busy center, that is, hundreds and hun- 
dreds of patients a year. I think it behooves us, and our 
current challenge is to tl T to figure out some way before 
surgmT, to recreate the physiologic mechanism of the fis- 
tula and study patients and predict who has poor collateral 
vessels. I draw the same analogy with the profunda popli- 
teal index to measure thigh collateral vessels. Our current 
search is for some ldnd ofa coltateral index to measure the 
flow when the brachial artery is going to be used for the 
fistula to determine whether they would steal. As far as the 
chronic patients go, they have atherosclerosis and they are 
very much again similar to our lower extremity bypass 
patients. They have chronic severe atherosclerotic o clnsive 
disease and now they have the stress of a fistula, and in 
many of these patients the ligation that is performed is 
actnally physiologic. There is not a continuity of artery 
between the fistula and the distal outflow, so we did not 
even have to perform a specific ligation. They have a phys- 
iologic ligation, but the bypass graft seems to reverse the 
steal. The last point is the steal in the bypass graft itself. We 
have looked at a couple of these patients, and it is a very 
good observation. Is there going to be reversal of flow in 
the bypass graft because you have just lengthened the 
arterial limb of the fistula? We have not seen that, but we 
have also almost always used reversed-vein grafts. We have 
not specifically looked for a valve, hut now we have started 
because this question has come up a couple of times in 
discussions. Is interposing a valve in the bypass graft im- 
portant o prevent flow reversal? 
